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Abstract
Agro-chemicalinputs(fertilizerandpesticides),havecontributedin growingeconomicsof
Indonesia,whichin 1970-1989demonstratedaspectacularincreasein riceproduction.Sincethe
agro-chemicalinputspossesstwocontradictivecharacteristicsof enhancingyieldandpreventing
yieldlossononehand,andthreateninghumanhealthandenvironmentontheotherhand,astudy
thatreviewstherealcontributionof agro-chemicalinputson rice productionis needed.
Theobjectiveof thestudyis todeterminewhetheror notthecontributionof agro-chemical
inputsonriceproductioni the1970-1989periodsissignificant.Estimationisconductedbyusing
timeseriesdatacomprisingfourmainfactorsofriceproduction:rice-plantedarea,nitrogen-fertilizer,
chemicalpesticides,andtechnologicalprogress.DatawerecompiledfromGOIreport.Theresultsof
estimationi dicatethatheincreaseinriceproductionduring1970-1989wasnotcausedbyincreas-
ingchemicalpesticidesuse,butbytheenlargementofplanted-ricearea,riseinnitrogenousfertilizer
use,andtechnologicalprogress.
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Abstrak
Pllpllkdanpestisidakimia,telahmembawakemajllanekonomiIndonesiayangpadaperiode
/970-/989menllnjukkanpeningkatanprodllksipadiyangluar biasa.Mengingatinputkimia
mempunyaiduasifatyangberlawananyaitumeningkatkanhasildanmencegahkehilanganhasil
di satupihak,danmengancamkesehatanmanusiadanlingkungandilainpihak,makadiperlllkan
suatukajianyangmengupasejauhmanasumbanganinputkimiaterhadapproduksipadi:
Tujllanstudiini adalahuntukmenunjukkansumbangani putkimiaterhadapeningkatan
produksipadiselamaperiodetesebut.EstimasidilakukandenganmenggunakandataruntUlI
waktudari empatfaktorpentingdalampeningkatanproduksipadiyaitu:perluasanlahan,
penggunaallpupuk,pellggullaanpestisidadankemajuanteknologi.Datatersebutdihimpundari
laporankeuanganPemerilltahIndonesia.Hasil estimasimenunjukkanbahwapeningkatan
prodllksiselamatahun/970-/989tidakdisebabkanolehpeningkatallpenggunaallpestisida
kimia,tetapidisebabkanolehperluasanlahan,peningkatanpellggullaanpupuknitrogen,dan
kemajuanteknologi.
Kata kUllci: pupuk.pestisida,produksipadi
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INTRODUCTION
Background
Indonesia,overthelasttwentyears,has
emergedas oneof Asia's fastestgrowing
economycountries,beginningasa primarily
agriculturalbasedeconomy.In 1980s,withthe
growingagriculturalbasedeconomy,morejobs
havebecomeavailable,incomehasdoubled,
andpovertyhasdecreased(WorldBank2000).
Agriculturalpolicyhasbeenprimarilyconcerned
withimplementingproduction-basedpolicies
designedtopursuefoodself-sufficiencysince
1967,andthisgoalwasreachedin1984(Sjahrir,
1990).TheGovernmentof Indonesia(GOI)
achievedfoodself-sufficiencyinricethrough
an intensivegovernmentinvestmentand
throughtheimplementationofsubsidyprograms
forfertilizer,chemicalpesticidesandirrigation.
In 1986-1987thetotalcostof theseinputsub-
sidiesreachedUS$725billion(Barbier,1989).
Agro-chemicalinputuses,whichplaysrole
ontheincreaseinriceproduction,haveadverse
effectsonhumanhealthandtheenvironment.
Ithappenedsincenitrogenousfertilizerissus-
ceptibleto variouslossmechanismssuchas
ammoniavolatilization.leachinganddenitrifi-
cation.Ammoniathatemanatesfromtheni-
trogenousfertilizerappliedinagriculturalfield,
contributestoacidrain,whilenitratesproduced
insoilcontributetocontaminationf ground
waterbecauseofleachingofnitrates,andozone
depletionbecauseof releaseof nitrogenous
oxidesby denitrificationprocess(Sutanto,
1999).The excessivechemicalfertilizer
usesleadtocompactionsincefertilizerhasa
relativelyhighcontentof ballastmaterial
accumulatedin thesoilandhasa cementing
effect.Italsoleadstothekillingofbio-lifein
thesoil,sincethefertilizerconcentrationuseis
oftentoxictothemicro-lifeinthesoil(Bond,
1996).Excessnutrientsinrunoffromagricul-
turalfieldscanalsodepletesurfacewater
quality.Thisrunoffsupportspopulationexplo-
sionsofalgaeandinvasiveaquaticweeds(such
as Salvinia molestaand waterhyacinth,
Eichhorniacrassipes)whichin turnleadsto
oxygendeletionwhentheseaquaticsdieand
decompose.This processis well-knownas
eutrophication.Withregardtohumanhealth.
highlevelsof nitratesin drinkingwatercan
causemethemoglobinemia("bluebabysyn-
drome")ininfantsandtheformationofcarci-
nogenicnitrosaminesinhumandigestivetracts,
whereastheadditionalnitrousoxideadded
to theatmospherecontributesto respiratory
illness(McLaughlin,1999).
Pesticidesarechemicals,whicharesyn-
thesizedwiththesoleintentionofcausingdeath
or harmto livingorganisms(Nhachi1999).
Sincechemicalpesticidesaredevelopedspe-
cificallyfortheirbiologicalactivityortoxicity
tosomeformsof lifeandbecauseatthesub-
cellularlevelorganismshavesimilaritywithone
another,allchemicalpesticidesareassociated
withacertainmeasureof risk.
Humanexposureto chemicalpesticides
mayoccuroccupationallyormayoccurfrom
anyof severalinvoluntarynon-occupational
sources(Wilkinson1988).Thedegreeofrisk,
however,willvaryconsiderably.Thisdepends
ontheintensityanddurationofexposure,which
inturn,relatetothecircumstancesunderwhich
exposureoccurs(Manahan1983).Becauseof
thepotentiallyharmfuleffectsofagro-chemi-
cal inputs,forthelargersocietyontheother
hand,its useinvolvesnegativeimpactthat
reducesthe reachedgains by improved
agriculturalproduction.Thesenegativeimpacts
includetheeffectsonhumanhealthandthe
environment(Bond1996;McLaughlin,1999;
Gerkenetal.2001).
The negativeimpactsof thechemical
pesticideusesin Indonesiahavebeenwell
documented.Theinappropriateusesandover-
applicationsofchemicalpesticidesbyIndone-
sianfarmersledtotheevolutionofpestsresis-
tance,pestsresurgence,secondarypestout-
break,andtheeliminationofnaturalpredators
andparasitoidsthathelpcontrolpestsnaturally.
For example,in 1986-1987,an estimated
50,000-60,000hectaresofcultivatedricewere
lostto anoutbreakof a chemicalpesticide
resistantbrownplant-hopperspecies.Thisloss
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of 1 milliontonsof ricewasequivalentto
US$180million(Barbier1989).Priorto1986,
anoutbreakricebrownplant-hopperwasalso
happenedin 1977.Theoutbreakhadcaused
Indonesialost10millionsMgofricetotherice
brownplant-hopperthatisenoughtohavefed
twomillionspeoplefor1year.Overall,during
1970sIndonesiawasestimatedto havelost
upwardof US$10billionworthofricetothe
ricebrownplant-hopper,notincludingthecost
ofpesticides,opportunitycostsorthesocialand
healthcostofexposureofpesticides(Settle t
al.,19%).
In additionto thesedirectusercosts,
contaminationof environmentby chemical
pesticidesrunoffresultedin thedeclineof
beneficialwildlife,andincostsofhumanhealth.
In environmentalproblem,Carson(1962)
seriouslydescribesthatchemicalpesticides
hascausedadversecologicalimpactonthe
environment.I hasdestroyedalargeamount
oforganismsintheworld.Meanwhile,inhu-
manhealthproblem,theexposurevariesfrom
acutepoisoningoffarmerswithchemicalsthey
workwithlong-term,tolow-levelexposureto
chemicalinhumandiet.TheWHOestimated
thattherewerea millioncasesperyearof
occupationalpoisoningbyvariouschemical
pesticides,and20,000of thecaseswerefatal
cases(Fleischer,1999).WhereasinIndonesia,
in 1983therewere168caseshumanpoison-
ing,and96ofcasesweredeadlycases(Bond,
1996).Kishi etal. (1995)statesthatmany
casesofhumanchemicalpesticidespoisoning
werenotrecordedwell,sothenumberofcases
ishigherthanthosereported.
Objectiveof Study
Sinceagro-chemicalcontaminationand
eutrophicationthreatenhumanhealthandthe
environment(HewittandSmith,1995;Pincus
etal.,1999),it isrequiredtoknowhowmuch
theagro-chemicalinputsusesplaytheirroles
onriceproduction.Therefore,theobjectiveof
thisstudyistodeterminetheeconomicontri-
butionofagro-chemicalinputuseonricepro-
ductioninIndonesiaduring1970-1989,where
Nitrogenous.fertilizerandpesticideuseswere
highlysupportedbysubsidies,extensionsand
trainings.
Literatur Review
This studyemploysthetheoryo,feco-
nomicsproductionasfundamentalnalysis.
The theorypostulatesthattherelationship
betweentheinputotheproductionprocessand
theresultingoutputisdescribedbyaproduc-
tionfunction(PindyckandRubinfeld,1998).
Theproductionfunctionofricecanbeformu-
latedsimplyas:
Y =f(X.) . . . .. . . ..(1)I
whereY is productionandXi areinputs
includedtechnology.If oneof theinputsis
chemicalpesticide,itwillneedspecialmodel.
Benefitofchemicalpesticidesuse,whichmea-
suredineconomictermsforfarmers,isprofit-
abilityofintensificationthatdependsonthecost
ofadditionalpesticideusescomparedtotheex-
pectedlossinyieldorquality.Farmerswillreach
amicroeconomicoptimumofchemicalpesti-
cideusesinthelongterm,wheretheprofitof
pesticideusesis in themaximum(Gerkenet
al.,2001).To incorporatethespecialproper-
tiesofpesticideusesintoproductionfunctions,
LichtenbergandZilberman(1986)suggest
that"thecontributiontoproductionbydamage
controlagentsmaybeunderstoodbestif one
conceivesof actual(realized)outputas a
combinationof twocomponents:potential
outputandlossescausedbydamagingagents
presentin theenvironment".Theoutputhat
aproducerobtainsis regardedasa netres,ult
of twointerdependentcomponentsi.e.,poten-
tialyieldobtainableandpotentiallosstopests.
Pesticidesareincorporatedin thelattercom-
ponentandareconceptualizedintermsoftheir
rolein reducingoutputlosses.Withtheaddi-
tionof a newcomponenttotakeaccountof
theuniqueroleof pesticides,equation(1)
becomes:
Y=f(Xi, D(P» (2)
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wherethefirstcomponentis essentially
madeupof equation(1)andthesecondcom-
ponentO(P)isthedamagefunction.TheD(P)
isdefinedasameasureoftheeffectivenessof
pesticides,ortheproportionofthedestructive
capacityof pestswhichis eliminatedbythe
applicationofpesticidesquantityP.Theimpor-
tanceof pesticidesdependsonthelevelof
yieldloss.Theyieldlossisinturndetermined
bytheextentofpestpressureintheproduction
system.Butgiventhathepressurefrompests
cannotbepredictedwithcertainty,potential
yieldlossandhencetheproductivityofpesti-
cidesis anuncertainevent,Le.a stochastic
eventhavingthecharacteristicsof a pro-
babilisticdistribution.Theoretically,this
proportionofpotentialyieldlossrangesfrom
zero(i.e.totaldestructionofthecrop)tounity
(Le.perfectcontrolof pests).But,biological
sciencesuggeststhatin reallife it is more
realistictoassumethatO(P) takesvaluesin
therange0 <O(P)< I. Thisimpliesthatthe
damagefunctionfollowsacumulativeproba-
bilitydistribution.Asaresult,itcanbeexpressed
in variouseconometricformsandthenbe
testedempirically.Right now, theexact
probabilitydistributionfunctionofpesticidesi
notyetknown(Ajayi,2000),sotheproduction
functioncanbemodifiedinthesimplestlinier
modelasexpressedbelow:
Y =f(X) - O(P) . . . . . . . . .. . . . . . . . . .. (3)
METHODOLOGY
Sourceof Data
Datafor thisstudyis a time-seriesdata
during1970-1989.Thedatais obtainedfrom
annualbudgetplanof GOI thathasbeen
well collectedandofficially publishedby
Useemetal. (1992).Thedata(appendix2)
consistof:
I. Nationalquantityof rice-plantedarea
(millionsofhectares),
2. Nationalproductionfmilled-rice(millions
oftons),
3. Milled-riceperhectare(tonsperhectare),
4. Nationaluseof nitrogenousfertilizer
(100,000softons),
5. Nationaluseofchemicalpesticides-par-
ticularlyinsecticides-(1,Ooosof tons).
Pesticideusesincludesnumerousactive
ingredientssuchasendosulfan,diazinon,car-
baryl,andquinalphosinvariousformulations
suchasemulsifiableconcentrate(EC),wettable
powder(WP),granule(G)andwatersoluble
concentrate(WSC)I.In thesaidperiods,pes-
ticideswereusedinscheduledmethod,namely
prophylacticplantprotectionrusingpesticides
withouttakingintoconsiderationthelevel
of pestinfestation,andof coursetheywere
appliedappropriatelybasedonitsformulation.
StatisticalProcedure
Basedon fundamentaltheoryandavail-
abilityof data.thestatisticalprocedureis
designedto tracethereactionof actualrice
productionbychangedexplanatoryvariables
(productiveinputsandchemicalpesticides).The
modelwasoftheform:
whereYI is actualrice productionas
dependentvariable,whileCIisconstantvalue,
L, is land,FI is fertilizer,P, ischemicalpesti-
cides,T. istrendasexplanatoryvariables,e,is
disturbanceerror,andsubscribel ttert ineach
variablesindicateyear.Trend,whichreflected
byvalue1forfirstyearoftheperiods(1970=l)
and2 for secondyearandhenceforth,repre-
sentsthetechnologicalprogressfromtimeto
time.~isturbanceerrorrepresentstheuncon-
trolledfactorsthatexcludedfromthemodel
suchaspost-harvestprocess,weather,climate
andcatastrophe.
Someproblemsof estimationbasedon
aggregatetime-seriesdatai~model(4)include:
multicolinearityin explanatoryvariables,
I Republicof Indonesia(1996),PresidentialInstructionNo.3datedNovember5u.,1986
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laggedadjustmentin response,andgross
averagesfor longtimeperiodsthatconceal
manyindividualchanges(PurcellandRaunikar
1971).Suchproblemscausetheestimated
valuesof thecoefficientsdo notreflectto
realcondition(Gujarati,1997).Inordertodeal
withsuchproblems,therefore,thestatistical
procedureofestimationcanbemodifiedinfirst
difference(formyear-to-yearchanges)as
expressedbellow:
Theequation(5)canbesimplyexpressed
as:
!:!y =!:!C+ ~,!:!L+ ~2!:!F+ ~3!:!P+ !:!~4!:!T
+!:!u (6)
Thesubscriptof lettert indicatesthevalue
intheyeart,subscriptof lettert-l indicatesthe
value-inthepreviousyear,andD symbolindi-
catesthechangein valuesof relatedvariables.
Since C is constantvalue and difference
betweenT andthefollowingT isequaltoone,
thevalueof DC is equaltozeroandvalueof
DT isconstant.Hence,theequation(6)canbe
expressedas:
!:!Y ischangeinproduction,!:!Tistrendof
production,~I.~2,and~3areestimatedcoeffi-
cientsrepresentingthemarginalresponseof
production resultedfrom changesin rice-
plantedarea,fertilizerandchemicalpesticide
usesrespectively,andDuisresidual.Themodel
(7)canbeestimatedirectlybyemployingor-
dinary least square (OLS) method. OLS
methodisperformedbyrunningeconometrics
computerprogram,namelyShazamver.6.2
(Whiteetal. 1990).
RESULT AND DISCUSION
FigureI describesthedynamicsof rice
production,rice-plantedarea,Nitrogenous
fertilizeruse,andpesticideusesin Indonesia
during1970-1989.
As canbeseenfromtheFigure1,rice
productionandall factorssimultaneously
increasecontinually,exceptpesticideusesfall-
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Figure1. The Dynamicsof Rice Production,Area-planted,N-fertilizer,and Pesticides
Use. '
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ingafterthe 18thyear.It is suspectedthat
emergingPresidentInstructionNo.31986that
banned57brandnamesof pesticidesforrice
farmingcausedthefall inpesticideuses.The
fall inpesticideuses,however,didnotaffect
riceproduction,sincericeproductionconstantly
increasedalthoughtherewasa decreasein
pesticideuses.BecausetheFigureI isunable
toexplainwhichfactorsactuallyinfluencethe
increaseinriceproduction,itneedstodoasta-
tisticalproceduretodeterminethepartialrole
of eachfactor.TableI explainstheresultof
thestatisticalprocedure.
TableI indicatesthataroundsixtypercent
ofvariationoftheincreaseinriceproduction
in Indonesiaduring1970-1989is eXplained
simultaneouslyb thevariationofchangesin
rice-plantedarea,nitrogenousfertilizeruse,
chemicalpesticideusesandtrend,whereasthe
remainder,aboutfortypercent,isexplainedby
uncontrolledvariableswhichareexcludedfrom
themodel.
Partially,byholdingceterisparibusas-
sumption,positivetrend,whichis expressed
by positivevalueof constant,meansthat
changein riceproductionfromyeartoyear,
increasedsignificantly.It indicatesthattech-
nologicalprogressinfluencedsignificantlyrice
production.Technologicalprogressinthesaid
periodscomprisedseedtechnology,water
irrigationandinfrastructure.Seedtechnology
hasbeendevelopedcontinuouslysincethe
InternationalRiceResearchInstitute(IRRI),
togetherwith theNationalRice Research
Institutehavediscoveredhighyieldingand
pest-resistantvarietiesof ricelikeIR andPB-
series(Settleetal. 1996).In connectionwith
waterirrigationandinfrastructure,Gal has
improvedwaterirrigation.Overtheperiod
1970-1984,thetotalirrigatedlandareain-
creasedfrom3.7millionto4.9millionhectares.
This increasewasaccomplishedbyinvesting
largeamountsofgovernmentfundsintoinfra-
structureprojects,uchasthebuildingofroads
andprocessingfacilities,andthedevelopment
of newirrigationnetworks(Barbier1989).
Changeinrice-plantedareasignificantly
increasedthericeproduction,andsodidchange
in fertilizeruse.It couldbeunderstoodwell
becausethelandandfertilizerareproductive
agriculturalinputs.However,becauseof po-
tentiallyundesirableeffectsoffertilizer,itdoes
notimplythatexcessiveuseof fertilizerhave
tobecarriedoutcontinually,eventhoughfer-
tilizereallycontributestheincreaseinricepro-
duction.It reallyneedswiseconsiderations.
Thechangeinchemicalpesticideusesdid
notinfluencesignificantlythericeproduction.
In thiscase,chemicalpesticideusesdidnot
donateanessentialcontributiontonationalrice
production.Inotherword,itcouldbesaidthat
chemicalpesticideusesdidnotpreventyield
losscausedbypestinfestation,becausethere
wasnoyieldlossthathaveto besaved.At
Table1. EstimatedResponseof Rice Productionin IndonesiaDuring 1970-1989
Dependentvariable:changein riceproduction(1,000,000ton); ***) significantat99%;**) significant
at95%;lIS) insignificant.
No ExplanatoryVariables Coefficient T-ratio
Changein rice-plantedarea(millions.ha) 1.9497**. 3.8630
2 Changeinfertilizeruse(100,000tons) 0.3481** 2.1663
3 Changeinchemicalpesticideuses(1,000tons) 0.0144"S O.1852
4 Constant(trend) 0.4338**. 2.5093
5 R-square 0.6023
AdjustedR-square 0.5228
6 F-ratio 7.573.**
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leasttherearetwopossiblefactorsthatcause
why it occurred.
First, in thesaidperiodschemicalpesti-
cideswerenotactuallyrequiredin plantpro-
tection,becausepest-resistantvarietiesof rice
werebeingcultivated.Duringthetime,many
discoveredpest-resistantvarietiesof ricewere
releasedandintroducedto thefarmerstosup-
port the green revolution implementation.
Therefore,by cultivatingsuchvarieties,the
existenceof pestsonrice-plantedareasdidnot
affectriceproduction,andcertainlychemical
pesticide uses were not useful anymore.
Second,farmersusedmorechemicalpes-
ticidesthanwhatwaseconomicallyefficient.
Chemical pesticideuseswill offer benefits
significantlytoplantprotectionif thereis seri-
ouspestsinfestationinsusceptiblevarietiesof
rice.If seriouspestsinfestationdid notexist,
theexcessivechemicalpesticideuseswill be
ineffective.Actually,therewasnoseriouspests
infestationonrice.Pestoutbreak,particularly
brownplant-hopperthatoccurredin 1970s
and1985-1987,werecausedbychemicalpes-
ticidesapplication.Thefirstonewastriggered
by chemicalpesticideusesthataddressedto
controlricestemborer(Settleetal.,1996),and
thesecondonewascausedby unwisechemi-
cal pesticidesapplication(aka, 1995).This
excessivechemicalpesticideuseswasunder-
standable,sincechemicalpesticideswashighly
supportedbygovernmentsubsidyandfarmers
werenotresponsibleforpayingthefull costof
theirchemicalpesticides.As a result,applica-
tion of pesticideswas in over andwasteful.
Pimentel(1993)supportsthatonlyonepercent
of chemicalpesticideuseswasontarget,and
theremainderwaswasted.The abovefactors
hadcausedchemicalpesticideusesdid not
contributeanybenefitsexceptwastefulnessof
money,threateninghumanhealthandpolluting
environmentasseriouslymentionedbyConway
andBarbier(1990).
Basedontheaboveindicationsis thatthe
excessivechemicalpesticideusesdidnotgive
significantcontributiontoriceproduction,but
madeexternalspendinginstead,theenormous
amountofgovernmentchemicalpesticidessub-
sidywasabulkywastefulness.Therefore,the
prohibitionof57pesticidetradenamesusedin
ricethathavebeenstartedin 1986(Republic
ofIndonesia1986)andeliminationofpesticide
subsidythathavebeenstartedin1990byGal
(Untung1996)wereproperdecisions,asthe
goaltostopuselessexpensesandtoprevent
greaterdamagedagriculture,risky human
healthandpollutedenvironment.WorldBank
(2001)supportsthedecisionby seconding
thepolicythatworkssignificantlyin saving
theenvironment,thatis,cuttingdownchemi-
calpesticideuseswithoutaffectingricepro-
duction.
CONCLUSION AND
RECOMMENDATION
1. Conclusion
Basedonresultsof analysisanddiscus-
sion,thisstudycanbeconcludedas:
1. Agrochemicalinputuses,whichconsists
of Nitrogenousfertilizerandpesticides,
simultaneouslyp ayedanimportantroleon
risingriceproductioni Indonesiaduring
1970-1989.In particular,however,the
chemicalpesticideusesinsignificantly
demonstratedtheircontributiontotherice
production,andofcourseitcreatedwaste-
fulnessof moneyandpollutedenviron-
ment.Meanwhile,theNitrogenousfertil-
izerusereallyenhancedthericeproduc-
tion.
2. Thespectacularincreasein riceproduc-
tionduringthe1970-1989wasa signifi-
cantfunctionof extendingrice-planted
area.Theincreaseinriceproductionwas
alsosupportedbytechnologicalprogress.
2. Recommendation
Becauseofthepotentiallyharmfuleffects
ofchemicalpesticides,theirusehastobecare-
fullyregulatedinordertomaximizebenefits
andminimizetheadverseffectsonhealthof
farmers,consumersandtheenvironment.Ad-
ditionally,these ffectsof chemicalpesticide
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useshavetobeincludedintoeconomicanaly-
sisinordertoachievethesocialoptimumof
chemicalpesticideuses.
AlthoughNitrogenousfertilizersignificantly
contributetoriceproduction,butsincefertil-
izeralsocausesadverseimpactson human
healthandtheenvironment,theimpactsought
tobetakenintoaccountinordertooptimize
thebenefitsoffertilizer.
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